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iSJyhhOndi 

A cathetei' comprises a catheter boffy I m having a proximal end. a distat end, and an electrode array disposed near 
the distal end The electrode array includes a >lural^y ol isolated electrode terminals (18). The cicctnide "^J"'**** 
common cleclrodii (16) are connected lo a high frequency povw supply (32) and the common electrode (16) may be locac^ 
on the catheter, ntay be secured scporatcly to a patient's sliin, or may be formed as part of a movable guidewire. By 
contacting the electrode array agunst a target location in the patient's body, the target location may be selectively heaicu, 
wHh the current densny being contacted at the points of contact between the electrode terminals (18) and the ««^.<>^ 
stenotic mater'tal. R>r example, by positioning the common electrode wUhin a stenotic region and contaaing f^^J^ 
surfecc of the stenotic region whh the elearode array, the stenotic maiertai can be heated by applying a high 
voltage between the elearode array and the common electrode^ The stenotic region can thus recanaliied by advancing tne 
distal end of the catheter body itirough the heatcil stenotic maieriaL 
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yjftld of tha mventioB 

The present invention relates generally to the 
cons:toxction and use of catheters f or interventional and 
dij^gnpstic procedures • In particular, the present 
invention relates to methods and apparatus for advancing 
cat^ettts through restrictions and opclusions within body 

vL5 lumens and cavities. 

Atherosclerosis is a form of arteriosclerosis 
^Alph .is characterized by irreguljarly distributed 
deposits on th^ vails of a patient's arteries. Such 
deposit;s f ^^reqcuently and calcify over time, 

20 seriously .cdiDppp;<^mi8ing patient's health. 

, . A nmber' of catheter^based approaches have been 
developed for diagnpsi^^ treatiiig atherosclerosis and 
jq^^ forms of arteriosclerosis. The most common 
ihti^v^i^ tecdtmig^ 
25. ; . balloon angioplasty vhere a balloon-^tipTped catheter is 
. . intrpduciE^ to thp yascular system, and the balloon 
expfindpri within a ri^ipn of stenosis. Other 
interventional techn^ include atlicrectoBy, irtiere, for 
example, a catheter having a canp-sbaped rotating cutter 
3p; . .. is introduced, to the vascular system and used to severe 
1 and. p^ptaire at least a portion of the stenotic material. 
Othw interventional techniques include laser ablation, 
Becdianical abrasion, chemical dissolution, and the like. 
Cft^et^-based diagnostic techniques incltide ultrasonic 
imaging where an ultrasonic txansdtocer dis^ at the 
distai end of a yi^Mnaar cathet^ is introduced to the 
region . of . stenosis ... 
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With most: of these techniques, it is necessary 

to ai^vance the distal ehd of ttt^ dktheter at least partly 
through the stenosed region before the interventional or 
diagnostic procedure can be cosonenced. While such 
5 initial advancement is often not a problem, it can be 

very problematic when the occlusion is severe and little 
or no lumen remains to receive the catheter. Under such 
circumst«mces, it is necessary to at least paxrtly 
recanalize the occlusion before t&e catheter procedure 
can begin. 

A number of methbdis for recsuializing severe 
occlusions have been prdipos^bd, includlhg the use of hot.* 
tipp^ catheters, laser catheters, and drill^tipped 
catheters. In general, th^se' apiii^aches rely on very 
aggressive treatment of t£ie stteiiotlc^ material to dpen^up 
a passage, vj^ere such aggresi^ive techniques can expose 
the blood vessel va^ll to si^iif leant injury, for example, 
vessel perforation. The risk of ihjtiry is exacerbated by 
the Jimconst^ained pkih Which the catheter can follow. 

An improved techiil^e for advahcing an 
angioplasty catheter into ihd optionally through a severe 
occliiisipns is descnribed: In U.S. Patent Vib. 4,998,933 (t:he 
enldxe disclosure of which is hereby incorporated herein 
by ref erence) , which hais common iriyeritbrship with the 
present application. X fiir^t feife disposed at or 

near the distal tip of the angioplasty catheter and a 
second eleci^od^ is jprovided on an elecftfically 
conductive guldewire. After the guidei^ is at least 
partly advanbed into a stehotid material, a high 
frequency vbltiage can be applied between the guidewire 
electrode and the catheter tip electrode in order to 
generate heat within the stenotic material lying between 
said electrodes. As the stenotic material is heated, it 
is sof1£ehed, hereby allowing easier advancement of the 
anglbpl^ty catheter . 

Although a substantial ii^irbvement in the art, 
the catheter described in U.S. Patent Ho. 4,998,933 can 
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caused unviihted shorting > of elecrtrical energy by the blood 
and >^ blood vessfel vail during the. , application of the high 
frequency voltage. The catheter employs a single 
discrete electrode at its distal tip. So long as the tip 
electrode fully contacts the stenotic material, the 
induced heat Vlll be substantially limited to the 
stenotic material • If a portion (or all) of the 
electrode is expoised to the blood vessel wall and/or . 
bloody howev^^ oitrent- will begin: to; f low through the 
blood Vesd6l tissue and/or blood, causing : the undesired 
shortli^g^0^^ electrical;.. c^^ Moreover, since both the 

'blood Vesse^l wall and the blood have higher electrical 
conductivities than the stenotic material, they will 
carry the • current =in^ preference - to* the- :stenpt ic material . 

Fbr. these, reasons.,- it.wpuld be vdesirable to. 
f^^bVide ;isq^roVed .apparatusi-and' methods/ for advancing- 
■ • .vasTOi^.^caiaifetetfs>i?ast ^severe occlusi^ in . blood 

veiseis-^attwi' -other -Hjo^ In. particulaar, it would 

1:^^^^ type 
described iii> W^ 4,998,933, where the 

- .. catheter Jfibxfe selectively heats the- atheromatous 
' m^twldlv It would be further desirable if .such 
' ca^e^erd were abl«^' to discrimiinate: between, the 
athl^dlifiatdus mass aiid the bipod vessel ^^wall 
(preferentially heating and ablating the former) so: that 
the catheter Would selectively pass through the atheroma 
as the catheter is advanced through the lumen of the 
blood Vessel . The catheters and methods of the present 
ihvei^tion: should be compatible with a wide variety of 
interventional and diagnostic devices, particularly being 
compatible with angioplasty catheters. . 
.2v Description of tbe Baelca roiind Art 

V.S. Patent Mo. 4,99a,933, is described above. 
European Patent Publication. 182 689 and U.S. . Patent No. 
4> 754, 7$2 describe angioplasty balloon catheters having 
meaiis for internally heating the balloons. A ••hot tip** 
catheter having' a metal tip . heated by a laser is 
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described in cniUy^lant et al. (1986) Lancet: i: 1457- 
1459. U»S. Patent Ho. 4,654,024, describes. a catheter 
bavihg an elet^tx-ically hea-ted trip for seltilng atberpma. 
U.S. Patent No* 4,796,622, describes a catiheter having a 
5- tip ti^ich is heated by an exothermic reaction. A 

catheter having a high speed rptating abrasive element: at 
its distal tip is described in U.S. Patent. Mo. 4,857,046. 
U.S. Patent No^ 4,709,698, dieseribes the placement of 
electrode pai^s on the surface of a. dilatation balloon to 
0 : heat atheroma as the balloon is expanded. 

STftpq^Y OF Tgg ipyggi^TOM 
The present invention provides appeuratus and 
methods, for localized heating of target locations within 
a patient's body, such as atheromatous sass in blood 
vc^els, tissue, and the lUce. method and apparatus 

are particularly useful for advancing a catheter through 
an occluded region in a blood vessel or other body liimen, 
more particularly through, stenotic regions% in blood 
vess^l9 which are Cully )ot; a^lmost fuJ^y .opcliuied-^^ 
stenotic material, catheter apparatu^-aoqording to t^e 
present invention include a; :cathe1^ bqdy; having a 
proximal end, a distal end,, azid an elec^npde array 
disposed near the distal end^ The electrode: array 
includes a plurality of isolated elec^^ode: terminals 
typically forming the distal tip of -the catheter. A 
common electrode is provided and contacted . with the 
patient's body to complete an. electrically conductive 
path Mith the electrode array. The commm electrode may 
be disposied on the catheter body proximally of the 
electrode array, or may be disposed distally of the 
electrode array, typically on or as part of a movable 
guidewir^. As a third alternative, : the common elecrrode 
may be provided as a discrete member which can be 
attached externally to the patient's skin. In each case, 
heating of the stenotic or o^er occluding material or 
high resistance tissue can be achieved by ^ contacting the 
electrode array with the target location, e^g* , a leading 
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-portion of the stenotic material. By then applying high 
frequency voltage .between the electi^ode array and the 
common electrode,;, heating of . the target location will 
result. 

5 According to a particular aspect of the present 

.invention , heating is directed primarily to the target 
location by limiting the current flow through each 
V: electrode teacminal in the electrode .array . In this wayv . 
. more..power is applied to the .hijgfh resistance (low 
10 conductivity) tissue or stetnptic matei^ial relative to . the 

low resistance (high conductivity) blood and blood vessel 
\wall. Current flow may be limited by active or passive 
devices, with an cpcemplaiy system . employing. .a ^^^^ 
of current . limiting^ x;eslsto£& .;iclth<.at least one current . 
15 limiting resistor; in seiries^.with. each^:.electrpde terminal. 

The catheter of the present invention., may be . 
used^ alone V in -orte location e.g., to. 

... . recanalize. a.:i.stenp,t blood vessel. 

Optionall^>. the<- ca^theter^ may^- b«^ ^^i^^ 
20-. . other - interventional or diagnostic- deuyiqes, .^ 

provide a multiple step treatment smd/pr diagnostic 
procedure^. . In .particular, it will be possible to provide 
the electrode.:, array of the presfent jynyention in 
coiftbination ..with or at the distill .end of catheters which 
25 ea^loy other interveintional and/or^ diagnostic elements, 

^ such as. dilatation. balloons, lasers, ultrasonic 

transducers, and;the liXe. Bfy employing qatheters having 
such additionala capabilities, the. need to exchange 
catheters is reduced or eliminated. 
30 : A particular advantagre of catheters constructed 

in accordance with the principles of the .present 
invention is that they pan be ?j?elf**guid3^ when 
introduced through a blood vess|el<. Since the elecrrode 
array, heats atheromatous material in. preference to the 
35 blood vessel wall, the catheter., can. be ,adva^^ without 

. substantial concern .over .damage to . the blood vessel wall. 
That is,- the path of the catheter will be preferentially 
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tiirough t£he a-tbierGiiik; nbcessairxly limH^ixig Samage to 
blood vessel vail. 

Bie catheter of the presrat invention will 
preferably include a temperature measuring or sensing 
^ 6 • element near its distal tip, preferably .within the 

electrode array, in or^er to measure the temperature at 
'the iiitexTace b&tveen the electatode array and the tissue 
or stenertfc aiaterial being treated^ More preferably, a 
plurality of t&i>erature mieasuring elements will be 
10 distributed through the electrode axraj in order to 

* - detertnine the iltoiqaferature i)rpf ile of the interface. 
• Tefl^E>erature information obtained from the t^^erature 

^measliring eleiai^ts can l3e used to control the power 
output to th^ elecla^ies in brdeir to control the 
15 temperatlire of the^^s^ 

' rangre. - 5 

BRIEF DBflCRXPTION OF^ THE DKAWIHS8 
Piigt. 1 is a peacspective view of a cathetj^: 
- syi^tem d>ils1£njf6ted in aeaai£«tenee with the principles of 

20 ' the preistot iiil^eitt^on, i^ere tbe^cathBter includes a . 

dilatation ballbbn. 

Fig-i 2 is an enlat-ged view of 'tha. distal end of 
tfai£ catheter of Fig. 1, shown in -section. 

Fig* i is an end view of the distal tip of the 
25^ >catheter of Fi^. 1 and 2. 

Fig^. 4-»8 illustrate the use of the catheter of 
' Figs. 1-3 in the reeanalization of a stenOsc»i region 
iAthin a blodd vessel according to the methc»d of the 
present inveiition. 
30 Fig; 9 is a schematic illustration of a current 

limitihg power $i4)ply useful as part of the catheter 
kystem of the' present ixiventioh. 

Tx^ii 10 is a second embodimegit of a catheter 
syst^' cbhstru^ed in accordance with the principles of 
35 ^e present invention. 

Fig. 11 illustrates use of the:- catheter of 
Fig. 10 in the reeanalization of a stenosed region within 



W093/13S16 



7 



PCrAS92/tl265 



a blcKxl vessel according the method , of the present 
invention* 

Fig,. 12; illustrates a third embodipent of a 
. . . catheter constructed in s^ccordance with : the. principles ' of 
5' the present invention in . combination with , an anchoring 

J catheter sheath. 

Fig. , 13 illustrates, the use of the catheter and 
.catheter sheath of Fig. 12 in the rec2uial47j^tion of a 
stenosed region within a blood vessel accqj^ding to the 
10 method of; the^. present invention. , . 

DE8CRIFTIOK OF THB PllBPElU >m i^nf^TVfyfy 
• Thi^ invention prpyides a method . and atpparatus 
for; selectively heating,, a- targe^^. loq^tion. within a 
patrient*.s.. body ^ such as solid tisf sue, a body lumen, or 
15 .thevlike> particularly ijicluding ath^ 

.. which partially or fully occludes a blood yes^ or other 
body liimen. In. addition to ■ blopci. yessel&>, .bpdy< lumens . 
wh^ch may be treatedvby th^ and apparatus of the 

. prj^erit inyenti:oxv;incl^d€^^ the urinary, ti^art (which for 
2Q t ; . ; :;pxaaplB:pay^^^^^ iMi -enl^urtgec}. pr9E|3t^a!tjB. in 

majLcfs):^ the. f<^llopian:,j^uJ^ (which may vbe:0|^ and 
. . . rause: infertility-) .,.:><.a^ like... For .CQnvQniHence> the 

.reuini^g disclosure will be direcrted. specif ically at the 
; treatmcoit of blood vessels but it will be appreciated 
25. . . ..,ti|Uit1Jie apparatus and m^ethods can be. applied, equally . .. . 
^ . well to other .body, lumens... and pas^ges. .,. 

The stenotic.' iq^iter^al in .bloody .yes^^els will be 
atheroma or atheromatous^ plaque, and may :b^ ./relatively 
soft (fresh) or may be in advance stages: of. 
atherosclerosis and hardened . . The present invention usses 
jm^, electrode a3^ plurality of independently 

controlled., electrodes di^trdlbuted oyer .the .distal portion 
of a, catJIeter to apply, heat selectively . tp.c^^^ stenotic 
.material while limiting,, the unwanted^ hearting; ;of the blood 
..and/ or surrounding vessel .wall. Sinqe .the^ atheromatous 
-mass in the. ocqluded. blood vessel is preferentially 
.. 'heated and .softened relative to the vess.el vail, the path 
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of the advancing catheter tip will naturailly confined 
in the lumen, away from the blood vessel wail. The 
electrSde array will usuaLlly include at: least: two 
elec&ode termiii^^^ riare. usually al: least 2d electrode 
terminals, and preferably at: least: 36 eli&c^ode 
terminals, or more. As a result, the- stiehbitic material 
is selectively Softened, of weakened^ permitting 
advancement: of the catheter to recanal^ize the blood 
vessel lumen * Accordingly , t:his invention i^ovides a 
method and appzaratui^ f br^ ef feictiveiy-' pehetraitring a 
pai^;aJ3:yxl'or t:ot^Ily iiccluded blood >^eiisel by 
sianultaixi^dusly applying both (1) he&t to the stenotic 
^teria'l surf oundinig the tip of the c^thetrer and (2) 
^ ^pressure against the heated stenotic- iiKateriai' using the 
catheter itself • ©ptionally> subsequent^ recahalizationr^ 
ptticedufes' may be performed using eithef the same or a 
dif Jferent" cat:heter. 

' The present Invention includes a meaiis tar^ 
:giildijtg the^ c^sithet^r along a pathway appro>daaat:ing '^& 
central fegibn of t^^ occludfea -blood ve^el ; Tb^ guiding 
nei&As is usually an ele<^tf ifc^lly condticting wife that 
cbntaihs of serves as a common elecrtrode f of th& heating 
tteaikv the guiding means is extensible from the tip of 
;the/cat^bter ahd is Ibdat^d within and- cohci^^ic to the 
ca1^e[t:er convtoiehtly Iveing in the f ofmT of a in'bvable or' 
fixed guidiswire, usually being a movables gidd^wire. The 
electrbd^ ^^^rray is diispbsed proximally to the common 
electrode and positioned bh' or hear t^e tip bf 't:he 
catheter • ' - 

Sach individual electrode in '^thiS' array is 
el^ectri^lly insulated firom all other elect^fbdes in the 
"affay jand is cbxuieeted' to* its own jpower source or 
conheetioh' which limits or interfiq>ts current flow to the 
eledtrode When low ressistivity material (e.g^ blood) 
cauises-^ loiter resistance path bet:weeh the bbmmbn 
electfode^ and t±ie ihdfi vidua! electrode^ The t:lp of the 
catheltef is thus coa^sed of many independent electrode 
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^. . . texTidnj^ls designed to deliver electirical energy in the 
. vicinity of. the tip.. The selective heating of the 
. stenotic aateriaLl is achieved by connecting each 

indiyid^al electrode terminal and the conmon j^lectrode 
5 ^ . XjB*g» on a guidevire) to an independent power source, . 
. , which may - be a substantially constant curren^ .power 
spurcfe. a;)ie application of high freguency voltage 
l^tween the: cpsmon electrode and the electrode array 
results in the conduction of iu-gh frequency .cmn^ from 
XQ... eac±L i^dividua^ to the said common 

electrode* The current flow from each individual. 
:.:|^lecjbrpde terminal to the. .comMn electrode is controlled 
. .]^^ either, active, or passive means, or a- combination 
.thereof, to selectively heat the. stenotip material while 
15. . ^minimizing.: the. undesirable heat^incf of the :blopd or the- ] 
■ vessel;- wall.. V 

: .This. inv^^ 

..differences, r^iii> electr^ between the 

..vr; , ^Ggi9^i5^..a^ bloodf,,;and blood 

2pjv:.. ..... ,.%0S8e^:v|fallN. • By- vay of:- -example f or ^any*:^G^lected'- ^ 

. o;f applied, voltage, if the electrical conduction path 
■^i-'i- ..ii between the cpmmpn. .electrode .(e.g. guidewire) .^and one of 
. the jAdiyid^^ within the electrode 

, £ucxay. ls^.J?lood or blood vessetl wall Ceach haying a 
25 .. .. relatively Ipy^ electrical resist iy^^ current 

control mG|4M)8 connected^ electrode will 

. . r^^ffi^l^^^^ so that the hjeatlng of intefvening 

. blood or blood vessel wall is minimized. In contrast, 11 
Jthe electrical conduction path between the ppmmon 
30 . elf^^brpde and one of the individual electarpde terminals . 

..wl^t^hln ti^^ electrode array is altheroinatous mass- (having a 
. ral^atlvely. higher electrical resistivity) , said current 
. .conturp.l .meMs connected to said individual electrode will 
, allow, jc^tt]^ for the heating and 

35 subsequent thermal softening or weakening of .the 

intermediate . atheromatous mass. 
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The application of a high frequency voltage 
b^tvten the coB^idon electrode' and iihe electrode array for 
apipropriate intervals of time substantially weakens the 
''"Selectively 'heated ather^oinatous mSiss, ^llciving the 

catheter td penetrate and paiib^ through the obstruction^ 
" thiis recanalizxrig the blood vessel. Once the partially 
or fully occluded blood vessel has been opened to allow 
passage bf the catheter , the catheter caii be advanced to 
pbbitlbn a dilatation balloon (or other intearventional or 
diagnostic el«ehty wit±(in the occluding iiaterisil. The' 
dilatation balloon can then be used f oir angioplas^ 
triefataent iii a substantially conventional manner* 

Direct (ijouliah) heating of the stenotic 
material by conduction of high frequency curr^t softens 
the materxal over a distributed region. The volume of > 
this distributed region is precisely cdntirolled by the - 
geometrical separation between the common electrode (e.^, 
thei igruidewix^^) and the electrode array I The rate- of " 
heating of th^^ stenotic material is cbhtrolled* by tBe 
iappiifed Voltage I'dvel* The use of high f regency cun^^t 
fbr Jouliah heating also minimizes indticed stimulation of 
iauscie tissue or nerve tissue in the vicinity of the mass 
beiiv; tieateEd. in addition^ high freqi^tocies minimize the 
rxiskf of intwfisrin^ w^ the natural jpaeing of the heart 
in cxrcumstaxitces' Wb^e thi& catheter of the present 
invention Is iisect in the «>r6h2try arterieis. 

The pbwet: applied to the common electrode and 
the electifode array will be at high frequency; typically 
between abbtit: 50 kHz and 2 MHz, usiually bigtihg between 
about ibO kHz and 1 KHz, and preferably being between 
about 2D0 kHz aiKi 400 kRz« The vdltagei applied will 
lisiially be in the range fzxna about two volts to 100 
volts ^ preferzd>ly being in the range from about five 
volts to 90 volts, and more preferably being in the range 
fxfom about seven volts to 70 volts. Usually, the voltage 
applied will be adjustable, frequently in response to a 
temperature controller which maintains a desired 
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temperature at the interface between the electrode array 
and the stenotic material- The desired tcmpefatore at 
the irit-^rface between tJie electrode axxay aiid the 
stenotic material Will liSually b<S= in the rari^ about 
5 38»C to lob'CV more usually froift'^ about 38»c to 80*C, and 

preferably from aWut 4b*c to'70»C. 

A particular advantage of €h€i present invention 
is that the 'hifiating meains cah be cbnf igttreid to a wide 
rahge of catheter sizes app^ i>articular 

10 size of the bccltided blood vessel or other body lumen or 

cavity being r^ecanaliz^d, typically ih the range of 
di^kt^s from 6.04 i£d 6.4 iftdhfi;^/ The present invention 
caii aisb incorporate a '^iJa4wire wh^^ function as 

bbth a Biearis f^ contirollirig^ ahcT^^idlng iiie path of the 

15'^ cath^eie iit ^e cbiiveivtlbnai iiiiriiEr, a^'H^eli as to 

concehtlfate the theinial p^^ directly 
into th4 sHteiibtic aiaiterial by serving as the common 
feiebtrbde;: ' • - -: : > 

■ ■*' -.35 j.^;:', .TBfevferjBferrec^-^ sburce... of "'thfe - present 

20 iftventibn^citf de^^^ a lagjh^i^ Vbltiige. selectable 

to generate power levels rangihigr: fjc^om several milliwatts, 
to 50 wktts, diipehding on siie 6f the stenotic 
material t>eiiig heaited, the siz^t of the blobd vessel being 
recanalized, and the rate of adVahciemerit bf the heating 

25 neans through the st^ source 

allw^ the^^ttsdxf td select the vbitige level according to 
the sp^diiic ref^ireme^^ of a pariic^lhr angioplasty or 

othisr pr bbididur e . 

Hie power source wilr be ciirr^t limited or 
30 bth^twi^e cbntirdlled so thait iihdesired heating of blood, 

' "blocid vessel will, and othei^ 16W electxrical resistance 
mat&^iais dofes hot occur , in thfe ^emplary ^nbodiment 
dekcftLbed belbif ; liifltitlng' resistors are placed in 

k^ies with ^iicA Independent electt where the 
35 • resistor is »siz^d» to prbvide an at l^ast ieqiial, and 

preferably g^^^ resjis^^^® 

pi^bvided by ibie st^ niaterial. Thus, the electrode 
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. . ifeas a substantially constant current , source so that 
. power dissipation through a low resistance path, e.g. 
. blood, will be substantially dii&inished. 

. Asf an alternative to the current limiting 
5 resistors, a controlled. power supply aay be provided 

^^qh, interrupts the current flow to an individual 
electrode in the array when the resistance between that 
electi:pd^ ax^fd the ccn^ electxpde . f aills below a 
threshqld level. The control could be inpleaented by 
10 . .placing a switch in series with each electrode, ^ere the 
switch isr., turned, on and off based on the sensed current 
flow through the electrode, i.e. when the current flow 
^xceeds. a preselietcted liiult, the switeh would be turned 
off. The curirieiit limit could be selectable, by the us^ 
.1^ . and preferably youl4 be, pr^ at the tim^ of manufacture 

. ot the poweir source. Current flow could be periodically 
sensed and reestablished when the stenotic material 
resistance is again present. Particular control system 
designs f or iji^le»enting this stxategy cire w^ll witi^n 
20 the skiU. in 1*e art. . ' 

In an^ uemplary embodiiynt as shown^ in 
, . Figiire. 1, a cathet^ io incliides a qfuidewire^ 16 which 
functions bpth as a mean^ for guiding the catheter into 
/Uie iiitended ppsiti^^ 
25 . .. The entire guidewire nay be an electrode)^ ^ or it may 

ocmtain an electrode. Referxijn|g to Figures 1 and 2, the 
catheter 10 also includes an array of electrode 
terminals 18 disposed on the distal tip 12 of the 
catheter 10. Tfie electrode terminals 18 ue electrically 
3Q isolated from each other and from th^ common, electrode 

^ 16. Froximally from the^tip 12, the catheter 10 includes 
a cpnventapnaa dilatation (ajrigipplasty) balloon 20 
generally cpncrentric with. tl>e sh^t of the. catheter 10. 
^till referring to Figures 1 and 2 , each of the terminals 
35 . 18 is connected to the impedance matching network 22 by 

means of the individually insulated conductoirs 52 • The 
proximal portion of the catheter 10 is also equipped %rith 
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. the f luid port 24 conmunicating with balloon 20. The 
guidevire is axially movable in. an electrically 
insulating guidewire lumen, tube 46, said lumen tube 46 
being ccmtained. in, and concentric to, the catheter 10. 
5 . The proximal , end. 42 of the guideWire is sealed against 

fluid leaks by a, fluid, seal. 28^ The proximal portion of 
. the .patbeter 10 also has a connector 26 fqr providing the 

j 4sl9ctrieal connections to the matting network 22. . 

A power source 32 providesf ja high frequency 
10 voltage to the electrode terininaj^s 18 1^ means of a cable 

f 38. connectable to the cPTOec^pr^ 2^^. The j?owe^^ 32 
has^ a con^oll^r. 34. to . ^hange the applietd voltage level 
as. well, u a select^pz: .36 for sel^rtion of lAe 
.1be^>erat^re at^; the 12 of the cath^t^er 10 its 
15: .H, .. . use, , as explained late^ Finaillx, .tt^^ portion 
: - , of the guidewlrta electrode 42 ,is vcoripect^d to . the power, 
source^. 32. by a deta^pi^f^le;. cgnnect^^^^^ ^O^* 

T TT^ JI ^^ ^ oii>H rv^<m|j»Tit:^ ^^5?*"^ in Figures .l,r 2, and 3, 
.teBq>erature^^ fh 4i§'tal tip . 12 

20 : . . p«: theu c^^thet^^^^^ 

qhrraei alugmel).^. Said.;t<2mperature sensors 48 and 
cpnnectiKi ;ta.the^^^ tharmocoi^le; wires 50 

s ext:ending the length of the. catheter 10 and by . the cable 
. V . 38 cpnnected through the cpiinector. 26". The temperature 
25 , sensors 48, at tg^t?; -ti^x^^^^ the cs^t^eter. 10 connep^:ed 
to a feedback control system in power s^wttce 32 to adjust 
tti(a..p<wer outpu^.^ the user , selectable tenperature 

-is not exceeded .diar:ing the use of the catheter in 
recanalizatipn of aji occluded blood y^^^^ Power output 
30: . , coiUd be TO technique, such 

as control of yoitage, current, d^ty cycle, or the like. 

/ The selectable temper ^ 
adjusting selector 36, provided in the j^wer ^ource 32. 

: / Ifeferri|ig[;,to Fi^^^ 2. f^^^J^ " ®^ ^® 

35 c:atheter 10 of the preferred cmjp^ 

■r : eacppsed termiMls of the electrpde terminals 18 and the 
..tiSBperature sensors 48. The terminals 18 and temperature 
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sensors 48 are secured in a iatrix of suilisible insulating 
laaterial (e.g. epoxy) 54 and formed in a generally 
tai>ered or hdnis|^ieric^^^^^ preferably being a 

conical or "nose cbne" configuration; Proxia&l to the 
5 tapcured tip 1^^ i^e * teiaperature sensor wires 50 and 

electxfodei' vires 52 are contained in a! jacket 44 of 
cs'liiidrical shape covering the length of the catheter 10. 

iSK i^d vi^yii ot the catheter 10 at the tip 1? is 
illustbrated in Figure 3. Referring to Figures 2 and 3, 

10 electxwie 'tOTinalfe; 18 ate e^^^ 

ea<^ otlier dhd' f rom tl^ipiEura^ire sensors 48^, and are 
^^^cured tbg^tli^ hi i bundle by the- electrically 
insulating iAateri:al S4 Proxiiiial to the tip 12, the 
thermocbUpIe vire^ SO and eie«:rode wires 52 air 

15 bbhtained in a suitable jarfcet 44 of cylindrical shapes 

coverings 'i^' length d£ the catheteir ID. ^e central . 
portion of the catheter 10 contains the eleott'ically 
insulatiiig guidewire luinen tube 46 which provides as-lumen 
for the groiddwire 16- The distal end of l^e said ttlbe 46 

20 o^ionilly exiS^n^ beyond the tip 12 ^' provide a tip )^ 

offset 14- The intended purpose of said tip offset 14 is 
t6 provide a niniinum separation between the said conmon 
elecrtrode oh guidewire 16 ahd-array of electrodes 18, 
usnaiiy being at l^^^t d;02 itidties> usually being at 

25 least 0.15 iihic^es, sihd soaetii&es being 0v25 inches or 

■' great^. 

Figure 4 iilusttrates how the catheter 10 can be 
applied to recanalize a blood vessel 56 occluded with an 
atheromatous plaqu^ 58. In this casev the guidewire 16 

30 is f irst adVimced i:o the site' of the atheramatous plaque 

SB, and the ibatheter 10 is then liioved^ ovier the guidewire 
16 to contact a leading edge of the p^laque* Next, the 
guidieWire 16 is advahced through the plaique 68 under 
fluoroscopic guidanc^e, exposing a length 60 of the 

35 giiidewire %^ich is ialectrlcally conducting* 

Ref eriring nesct to Figuris 5> the distal tip 12 
of the catheter 10 comprising the array of electrode 
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. tenainals xa as urged against the. atheromatous plaque 58. 
. A high freqiuency voltage is applied between the comaon 

electrode on guidjBvire .16 and each of the electrode 
. terminals 18. ^ The resulting electrical current flows 
betwec^n the said .common electrode. 16 and, the electrode 
: , terminals 18 through the atheromatous plaque 58, as 
illustrated rby (nnnrant flux lines 62. Due to the 
electrical resistance of . the. athercmatous r plaque 58 , • the 
localized current flow .heats the .plaque 58 in a zone 64. 
rt^B: localized heating is ad jiiste^^ varying /the level 
.an4.Hduratii;>n.o£ ^^b^ high . frequency ...voltag^^ . 

The. tip offset 14 maintains a siinimifin distance 
between the. . electrode 18 and ,the common ele.ctrode 
.V . .(guidewire) . .1.6 .: .The zone of heating 64 ..within, the plaque 
^..^•58 is def ined/'^y the boundary .of /.the.; cnurrm 
r :.-. : .62* The ai^j^omatous. plaque material softens in. the. 
heated zpner 64c r:;VWhii^;.faci^ 

adyaijj5ement>..p^; .the: cathetej^^ heated 
: zonevt^^^^^^ effects, the 

:displacement : of : .the pl&qiie;;materjLal> thereby?: recanaliizjjig 
icreat4ng . an .ppening through) : the prey ipuslyy occluded 
. ;.>:^>blood rvessel 56.. . iThe:cathet^ 10 is advanced; through the 
f of tened plaque until a. channe). is created in 
. , pcqluding mass;... vIMie ^catheter , 10 is. withdrawn , leaving a 
vessel re^^anarlxz^ allowing an. improved .flow of blood, 
.therethrough. ...i.; . 

. .rAfter (the. .catheter. 10: has been advanced through 
>the. heated pla^iiae, iC^,nece^sfLry.> : t^e balloon: 20 can be 
. .jj!iflated .with.:^^^ fliiid to. appropriate pressures 

to .effect conventional angioplasty.. 

Their,e fure ' situations where a gxxidewire camnot 
; -be , qpmpletel^^^ advanced, across, a stenosed region 58, as 
. illustrated in Figure 6... In such cases, the, common 
;. electrode (guidjawiife) 16 is. partially, peiietrated into the 
. . atherraiatous plaque 58* .. to the..<&xtent possible. The . 
array of electrodes. 18 i|3; contacted against, the wall of 
plaque 58', and the tip of^fset 14 creates a minimum 
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spacing beltveen t:he ccnnmon elecl^-cxie 16 and t^e elecxarode 
array so that sbme heating of plaque will occur* The 
, catheter 10 and the common electrode 16 can then be 
alternately advanced until a channel is cheated through 
5 ' the entire region of plaque 58*. Once again, 

conventional l>alloon angioplasty can be performed oiice 
the balloon 20, in its deflated position, has been 
advanced- adirbss the-plaqoie 58 * . 

A central aspect of thet 'present iiivention is 
10 - the ability of the cathetc^ 10 to deliver electrical 

enetgy ef f ectivi^ly only to the intended areas, i.e. the 
atheromatous iaaterial, aihd not to the blood or the blood 
•vessel. Such directed eneirgy l^mst^r results in 
selective heatihg of the atheromatous material which 
IS- allovs the catheteir to be "*self ^-^illding^ as described 

above. When the tip 12 of the catheter 10 is pressed 
- against a regioh of stenotic^ material, some of the , 
eiec^ttidde terminals 18 will be in contact with ath^oma, 
while otlveir electrode teniLiAals may be in contact ,^ath 
<'2D. blood, and ye'jt oth^^- may be in contact with the blocxl^. 

vessel wall. These situations are illustrated in Figures 
• 7 ^d 8 . Each of the electrode terminals 18 experiences 
to electrical iiapedance i^ch is characteristic of the 
ttateiriaJL which is dispd^ed between* the individual 
25 ^ eli^ctrode telnminaL and-- the bontmon electrode. !me present 

invention taJces advantage of the fact that the electrical 
resistivity of typical athercafma is higher than that of 
blobd or blbod vessel- wall. Ttms^ ±f the current passing 
through each of the electrode :terBiiiials 18 is limited to 
30 a substantially constant val^e,-^ the regions of higher 

electarical rteistivity will generate more Joulian heating 
(pG&er « I^R> where Z is' the current through resistance 
R) than a region of lower electrical resistivity. 
Therefore, the atheromatous plaque of the stenotic region 
35 will be selectively heated up while the blood and blood 

vessel wall will esqperiience a miiiimial rise in 
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tciaiiHSx^ture. Thus, the cathetier. will selectively advance 
through the- atheroma which ; has. .I>een heated and softened. 

The heating selectivity of the present 
irtVfehtJ.on' is acconplished by selecting the electrical 
resistance of the various . components which* comprise the 
^ pathway of the electrical current* -62 between .the common 
electrode (guidewire) 16 and each df the electrode 
terittihals -18 in the electz^ode^ array^ located "at the tip 12 
^-^^ of the catheter la. By way of . exmple, the? electrical 

rb reisf^ivity of blood at body tempferature is in the range 

ftcm 148 to 176 Ohm-cm at a fdrequency up to 120 JcHz 
(Geddes et alV (1967) Med. BioX. Eng. 5:271-293) . The 
electrical resistivity of human cardiac and .s)ce).etal 
muscle (which approximates the. structure : of.'- the. :blood. . 
15 Vessel vail) is in the: rangM^ of ioa to 456 Ohm-cm at 

. freguen'cied ifen-^thfe range MO ta..lOOO Jclteur; ^<Ged al* 
(1967)', supray\ 

.: -nf In cd'nti^ist-v: at^riEErdmatous mass gene^rally 
resi^^les. f atrrlflceii^eip^ ■ 
20 Iipids> and lipidophages^v Basfed on iW^ f at-l* 

li)ce ciM4>bsition/ t:he atheromatous massf has a relatively 
high electrical resistivity as compared wil^ blood. The 
- : .. ^^electri^l re&istlvity of fat-^lUce substances in human 

in the i?ange of l^OOO to 3>P00 Ohm-cm 
is V : fifi^quencies r from lOO to l, boo kHz (Geddes et 

al.>' (1967) / supra) i This invention utilizes the 
inller^ht two to ten fold difference in electrical 
i^esistivities to selectively : heat the atheromatous plaque 
-in 'a' 'blood -vessel-. 
JDi^" Each of - ^ the electrode terminals 18 is connected 

to an individual source of current by means of wires 52. 
A cxirrent limiting netWorX providing the controlled or. 
constant current^ as described above r - is. contained in a 
junction box 22. The network : can be; composed of either 
35.. active or passive^-eiectrbnlci ccimponehts. to perform its. 

- . intended function. By %#ay of example, and not intending 
to limit the scope and spiriH of this, inventiion, a 
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'net5#03rk coiiipose:d of passive circuit:^ element, i«e. 
resistors, is illustrated in Fig. 9* ReCexxing to 

. :Flgs. X, and :9v a : constant current network 22 consists 
of a aniltiplicity of resistors 72 which are same in . 
number as the* electrode terminals 18 • Each resistor is 
connected between a power source 32 (b/ the connector 26 

. and cable 38) and thd corresponding electrode terminal IS 

(by wire. 52 ) i The current will be maintained 
>snbstantial;ly constsmt so long as each resistor impedance 
is sufficiently hic^er than the load impi^dance. Suitable 
resistor values will . be in the range from 50ft . Si to 
50,000 n, usually being in the range -from lyOOO. ti to 
2S|i000 Or /preferably being in the., range from^ 3,000 n to 
15,000 1^: 

- Still referring ta Figs. 1 and 9, each 
electrode terminal 18 is c^onnected to a loa^ represented 
by the atheroma, blood, or blood vessel wall^v More 
specifically, the load impedanoe 74 of the atherooa^is 
d^signated-by A,;>?the load impedance 76^ of blood is 
denoted by B, and load impedance 78 of ves^l wall is > 
denoted by f^* respectively • As the current^^ passes through 
these coa^>oimnts, it is received by the common electrode 
(guldewire) 16 .tdiich is in tiicn c/Euinected to the power 
source 32 conmei^bor. 30 and cable ;40» nhe. level of the 
current flowing, in .the ciroalts . i^^ by the - 

voltage, appll^v|>etweeQ the . proxinal €»d of the resistor 
netwdrJc 22 wd the common electrode (guidewire> 16 • 

The expected power delivered to each of the 
loads (i.e. atheroma , blood , and vessel . wall tissue) can 
• be calculated based. t>n exemplary values for the different 
pairameters te . enumerated below:. 

catheter diameter (5 Frtoch) , p 1.66 mm 

Number of Electrodes . Terminals 18, n 60 
Size of the electrc)de 18 tip, d O.OOA"* dia. 

Besistance of the networ)c resistor 72, R 10,000 Ohms 
Impedance 74 of atheroma^ A 3,000 Ohms 
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Is^mdance 76 of .bloody . 200 Ohms 

Ispedance 78 of vessel wall, W 500 Ohms 

.AppM«^:. voltage from, source .32 W: 40 Volts^ RMS 

.5. Calculated ppwer>dissipatipn. per electrode in: 

Atheroma . 2 ^, milliwatts 

Blood 3. milliwatts 

Vessel : Nail 7. milliwatts 

10 : • . " Calculating power (I^R) from the above, the,.. 

; pdwer dissipation in the athqrpyatojis plaque, is 
-V ai^oximately-ten times tOiat in blood, four times that 
: \ » in bipod vessel wall respectively. Taking into , account 
the f heat ^ capacities'^ ..expected-; 
15 teii9>ex:ati«re in atheromatpussf^ pla 

con^id^ab^LY vgreater than ijo: the bipod or blood vessel 

« , - Wallv^r- 

: . The desired^ tempei^ture - rise of . th<? 
athegpTOtpns^^plaqne^ito.^^^e^ 
20 of the. order pf vio*- to 60:^. . . fi^jE^^an the aJwoye 

. calculation, a 10» to .<SprTC . increase in. the. teaip^a^tuf e of 
thej^therPBiatpus playfjue. usi^gf thet appa^ratus . and method of 
the present: iJ»ventipn;WilJk: .ri^sult in rise 
ofi .blocKj ten^>eratur range. of l^C to 6*G caused by 

25 . . . taje> current f lowing directly the^ blopd* 

Once a sufficient tempcaratur^ rise is 
accomplished in the atherofliatous plaqoai^^^ the mechanical 
. sl^engtb of the said mass if .s^fcsl^ reduced in the 

localized regipn surrounding the, tip 12 pf the catheter 
30 ^0 This .allows the catheter 10 tp be advanced 

incxementally through the plaque by applying a 
longitudinal force on th|B pprtionp. of ,pi^ ca^eter 10 
. external to the patient. ahi% f prce is .tri^nsmitted along 
. . the length of the catheter. .10 to the tip region 12 to 
35 create,.a ••boring pressure'^-. s to penetrate the 

plague 518 • As. tOie blopd vessel, wall is not equivalent ly 
heated or softened, the catheter will preferentially 
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advance through the plaque 58 feilloving ^ path of its own 
creation. 

The method of conlbfbllin^- the heating the 
thermally assisted angioplasty catheter of this invention 
can als'o be accjbiiipiiished by teapierature f e«i^^ control 
mechanism. The temperature of the atheroma in contact 
" ' with the tip 12 is sensed by temperature sensing elements 
such as means of thermocouple pairs (Fig;. 3) 48. A 
feedback control loop contained in the pover source 32 
4llovs the adjustment df the necessary voltage applied' so 
that the reguiired 'temperature rise in the atheroma is 
accooplish^^. cfonversely ,' by cdntinuous'Jiy mpnitoring the 
teiiiperat^e of thi&^ atherdma- being' heated^ the appropriate 
Voltage level is' cdht^lnuously- maintained suc^ that the 
ttiser^iselected temperiatmre is never e:itceeded. i 

WhiliB the above descifipitioh provides a full and 
complete disclosure of a preferred embodiment of^^the^ 
xniren^dh, various modifications, alternative 
' tkio^i±jabt±ms f^M^ equivalents tt»y be ^^^loyed. For 
^o^ui^Xe, the ^la^r ciould^ be cdmaunicated to the 
6i:ectrodes by Vir'es imbedded in the cathet^ vail. Also, 
the tempi^ature sensing may be achieved' using fiber 
opticis with infrared ^^ising' technicfuei^^ a thermocouple, a 
thertd.st:or or btfier temperarure s^jf^ing means. 
AlteinrmtiVikliy, by ^rop^r sel^ of -metals used for 

(1) iibiti^lidlty^^^^o^^ and leads (e.g. 

Cbnstantkh) khd^ {2} gaidevire (e.g. steel) , each 
iridividliai ^lectrbde-^ can function as a thermocouple in 
conjunction with the Isihgulzur guidewire. The measurement 
df the direct current voltage between the guidewire and 
the multxp^ electzfodes indicates the maximum 

tesberature' whlbh occurs at any -location on the catheter 
tip^. imis iiif armati^on csin then be used in the feedback 
control ibop a^ described sUmve to assure an improved 
safe upper limit "^ori the Gf>erating temperature dtiring the 
tise of thb apparatus of the present invention. 
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A more preferred embodiment: of the catheter of 
..this invention is shown in Fig. 10. In this embodiment, 
the catheter 80 is substantially similar in construction 
to that of Fig* 1^., except that a second electrode 82 is . 
.5^^ .... .provided for on the body. 84 of the catheter shaft instead 
. of the guideyire being the second electrpde.^ During use 
, of the cajLl^et^er 80 in therapy, this seconc| electrode 82 
; ; . .is intended to. be in electrical contact yith the blood in 

the^. artery. The .location of the^ second electrode 82 is 
10 shown to be near the prpxijnal^ end pf the .catheter 80, ^but 

T/' ppuld .^Isp ^ disposed, more, distally. 

. still referring to Fig. 10,. guidewire 86 is 
connected to the current-limiting .qircui;!^^ power 
. . source v94 in a. manner ■ similar ...to . the elc^ctirical 
15,: connect:ip5^^ pf; . ti^ During Jus^e. of the . 

. • cathjeter.: ^0 , . tl^e.. guldewire,. 8 6..,becpmea ,an additional 
elcct^:5Gd^vypi*4« ^® other tip 

electrodes In .thia .embodim^ no of f set between the 

guidey^ixe 8e> M^ 

20. i .Referring now to Fig^ il, t^p rathe^^ 80 i?. 

..,advwced,.pver^..t^ 8.6 t:o ,tJnie s^itje a total 

, Qcclusioi^ in the ^^^^ «9- ^T^^ ^^^5**?^^. array 90 

I an4. .the guldewire .8i^ sire connect etd to the ppver source 94 

{Pig.: 10) and the. second eleci^ 82 is connected to an 

25: ;Oppos4:te polax^ the power source- By 

applying poyeor to l^he el^^ current flux 

•lines 92 are jeormed jand distribiated in th^ occlusion 88. 
; * .«ie highe^ curreixt degasity. exists at the , ismediate 

vicinity of the .t^p elfctrode array : 90^ _ therpby producing 

90, , ( . ^s^yyynnm hctating pf. the atheroma in contact with the . 

cathetex tip. A return path for the. electrical current 
from the tip electrodes '90 to the second eiecrtrode 82 is 
.def ined .thrpug|i the blpcxl in the blood .vessel, the blood 
vessel wall, and/ or the surrounding tissue, jlowever, the 

35 . cuzxent is most likely to flow through the blood and 
blood vessel wall as these component have muc^ lower 
resistivity as . compared, to other body tissue. The second 
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electrode 82 is designed to be Ibng with a large surface 
area to ensure low* density of curirent flux lines at said 
second electrode. 

As the current passes through r the temperature 
5 of the obcludULn? aateriai 88 is raised, thiereby softening 

the bi^lusion. The catheter 80 along thb guidewire 86 is 
advanced through this^^of tened athe^o^ uHtil the vessel 
is recana^zed. A final recaraliiatidh sfeep^ can then be 
perfbraed by balloon dilatation or other carirently 

10 available therapeutic techniques- 

It iis understood' that the plague in the total 
bticiusiohs can be, den&e arid sbaei^t hsurd to push a 
catheter ^tbrougli even though it is hedited* In order to 
facilitate the nechanicai advancement of the catheter 

15 tiutrbugh the plaqpie, another embodiment of the cathetei^i 

system of the piresent Invention is illustrated in Fig. 
12. The catheter 10 of Fig. 1 or catheiteir 80 of Fig. 10 
is placed in a sheath catheter 96. The distal end; of the 
^e^th catheter 96 iroludes one br a plviiralit^y of 

2b e^^andin^ means 98, such as' inflatable balloons. The-^ 

proxisidl end of the slieitii catheteif 96 inbludes the 
h^e^sari^ blood scaling means and b'allobii expzuiding 
ports, ihe shaift of the sheath catheter 96 includes the 
hicessary lusienCs) f or ^cpianding said ballobh(s) 98* 

25 ' The purpose of the sheath cathe^^c. 96 is t;b 

i»rbvide sin antihor for the i»in catheter to ''or 80 while in 
use. specif ically referring to Fig- 13, the catheter 
system (comprisihg of the sheath cathettor 96 and the main 
catheter 10 or 80) is advanced to the site of the 

30 obdUsfioh 102 (Fig. 11) . Tha balloon (s) 98 are inflated 

and the sheath catheter 96 is thus anchored in position 
in the blood vessel proximate to the oo::lusi6n. The main 
cathi^ter 10 or 80 is then advanced inside- the sheath 
cathWtes: 96 against the ocblusion 102. The main cathet:er 

35 tip 90 is then energized, and furthier advanced through 

the softeniE^ atheronia. ThB sheath catheter 96 with 
inflated balloon (s) 98 thus serves as an anchoring means 
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assisting in the advancing of the main catheter 10 or 80 
through the occlusion 102. 

^ Although the foregoing invention has been 
..describe^ in detail f or purposies of clarity of . . 
5 understanding, it will be obvious that certain 

:. iDOdificatipn^^nay. bev pra the scope of the 

. . _s .. appended^.jcJiaiBs«- , , .. .. 
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rtaaLy X8 c t^'&T yfgD ta t 

1. >h xikthetei: system comprising: 
a catheter body having a proxisial end and a. 

' dfstial end; 

an electrode array disposed nisar the distal end 
of the catheter body, said array including: a plurality of 
electrically isolated electrode ten&inals disposed over a 
contact surface; 

a cosBion electrode; and 

means for applying a high frequency voltage 
between the electrode array and the common electrode , 
vherein current flow to each electrode terminal is 
individually controlled in response to changes in 
impedance between the electrode terminal and the common 
electrode. ^ 

2. A catheter system as in claim 1,^ wherein 
the common electrode is disposed on the catheter body 
proximally of -the electrode array. 

3. A catheter system as in claim 1^ wherein 
the common electrode comprises a wire extending distally 
from the catheter body. 

25 

4. A catheter system as in claim 1, wherein 
the common electrode cooqprises means for external 
attachment to a patient's body. 

30 5. A catheter system as in claim 1, further 

comprising an interventional element disposed proximally 
of the electrode array oh the catheter body. 

6. A catheter system as in claim 5, wherein 
35 the interventional element comprises a dilatation 

balloon. 



10 



15 
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7.- A catheter sysftem as in claim 1, further 
coDprising means for measuring temperature disposed near 
the distal end of the catheter ;bpdy.. 



S.."^.. 8. A catheter system^as in. claim 7, wherein 

the means for meas]iirin% teii^f&ra;tur.e comprises a plurality 
of temperature sensing elements disposed within the 
elecl^rade array. 

10 9 . A catheter system as in claim' 7 , whereby . 

.th«t means: for applying the. Iv4.^h frequency voltage 
coBpr£sB.&;:means/.fpr cpn^olliji^; the. v on the 

temperature sensed by the temperature sensing means. 

15>*: j. ^.: . IQ A .catheter syste]^ as, ;in. claim 1., further 

comprising means for individually limiting, current flow 
through each electrode terminal in order to control 

' / CUrrfiptcvilW^*.. ...* :; .•^^^V^vV-v^i: 

.20:.. V- . 11. . A c^ttocter system 10, wheireln.: 

; . t]|e means fpr limil^ng. current ;C1 cfEi^^ises a plurality 
of current llmiting/rpsistpr&^ 1 catheter 
body, with at least one resistor connected to each 
V eljec:t]rode ..termlna^^ - 
25,. 4 , = , I . . •. ... . • 

:^1Z:^. A .pathetez:^ system .^a^.. in, .claim 10 , wherein 
the means for limiting current flow cos^rises a plurality 
. . : -f^t ipsqcxfo^^ located within the voltage 

applying means, wit|i. at least o|iie. resistor connected to 
30 each electrode terminal. 

13>. A rathctter sys^^ ip claim 1., wherein 

the contact; su3rf ace is a taf^red...G|iurf at the distal 
end of the catheter body. 



; .14. . A catheter system as in claim 13, wherein 
the tapered surface is of nosecone configuration. 
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15. A iSatheter con4)rising: 

a catixet:er body liaving a prbxiiBal iend, a dis'tal 
:end, and a gUideVix^ %umen; 

an electrode array disposed near the distal end 
5 of the catheter body, ssiid array including a plurality of 

isolated electrode texiiiinaid disposed over a contact 
surface; 

means for connecting tbe isolated electrode* 
terminals to a high frequency pover siq^ly; and 
ti) a plurality of current l»ijilting resistors, with 

• at least one xlsatstiA conn&sted in: series between each 
^ eleetrode tc&iiinial iihd the powek siq^ly. 

16. A catheter as in claim 15, herein the 
IS current lijiiting resistors are disposed in the catheter 

body. ' 

17. A catheter as in claim wherein the 
current^ limiting resistors are disposed in the hi#t 

20 frequency poirer si^iply and a plurality of conductors oabre 

disposM in the catheter bbdy for connecting the 
resistors to the power siq>ply. 

18. A catheter as 'ill t:lid]ft 15^ further 

25 coB^rising an interventional element disposed pro3cu&ally 

of the el6etr^e iarray on^^t^ catheter body. 

19. A catheter as In claim 1S> herein the 
intefVehtiohal element comprises a dilatation balloon. 



30 



20. A catheter as in claim 18, further 
cbaprising means for massO£tixif^ tei^erature disposed near 
the distal etnd of the catheter bod^. 



35 



21. A catheter as in claim 20, %^erein the 
means for 'me^asuring teBq>€fcrature conqprises a plurality of 
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. temperature sensing elements distributed within the 
electrode array. ... 

... 22. A catheter as . in claim 15, further 
> . comprising a movable guldevlre slidable disposed within. ^ 
^e guidewire lumen, wherein said guidewire is 
electrically isolated frop the ..electrode array and 
includes a common electrode and means for. connecting the 
common electrode to a high frequency power supply* 

. . 23.. A cathetor as. in claim 15, further 
comprising a common electrode disposed on the catheter 
body proximally of the electrode array. 

24. A rathettt aj^^^^^ the 
cuinceh ^ija4>ting resic^tors have a resistance, in the range 
from 500 n to 50,000 Q. . 



10 



20 



25 

. 4:.' 



-r\rr^- :/ : ^ claim 15, wherein the. 

electrode array is cUsf^scd.;^ P^e^^^^ tapc^De!^;».su3^ 
.dUsj^ai^end . of the catheter bpdy . . . 

26. A catheter as in claim 25, yfaierein the 
tapered surface is of nosecone configuration. 



^ 27 . , A catheter, system comprising 

a catheter cfuide having^ a prpximaX end, a 
distal end, a lumen therethrough, and a common electrode 
disposed on. an ext^lpr distal surface; 

a c:atheter body disposed within the lumen of , 
the catheter guide, said catheter body having a psroxisial 
end, a ^istal end, ...and an eleptrpdi^ array disposed over a 
Cfonluict si^rf j|pe at the distal end, said electrode array 
including a plurality of electrically isolated electrode 
35 terminals; .and 
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laeaiis for individaaily connecting the electrode 
ten&inals to a high frequency power ditipply along isolated 
high isnpedance conductive paths; 

lAereby the c^aniion electrode and the electrode 
array may be connected to a high fr^piency power supply 
to efficiently deliver energy to a patient surf ace 
contactisd by the electrode array and electrically exposed 
to the coBDftdn i^lectrode* 

28. A catheter system as in clain 27, wherein 
^e catheter guide cbBii>irises an inflatable balloon 
di^>osed near its distal end* 

29. A catheter system as in claim 27, further 
cbnprisihg a guicfewire received ih a guidewire lumen in 
the catheter body, wherWih the guidbwiife is electricaMy 
coupled to the electrode array* 

30. A cattieti^ §ydtem as in claim 27, wf^ein 
20 the means for "^^coiinecHbi^ of current 

limiting resistors connected in parallel between the 
individual electrode terminals and a comiiK>n pole of the 
power siqjpiy . 

25 31. A catheter systems as in-claim 30, wherein 

the cninreht limiting resistors are diisposed in the distal 
end of the cal^eter body* 

32. A ciatheter system as in claim 28, wherein 
30 the contact ^li^rf ace is ttaper^.' 

33. A catheter system as in claim 32, wherein 
the tapered surf ace is of n6sec6n4 conf igii^ 
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34. A method for applying energy to a surface 
in a body lumen, said method comprising: 
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contacting the i>atient with a common electrode; 
positioning the catheter within the body lumen 
so that an electrode, array includiiig a pliirality of 
isolated electrode terminals contacts the surface; and 
...5..,, .applyin? high frequency voltage between the. 

comnion ^ectirode and,, the electrode array, wherein current 
flow through each electrode termiiial is individually 
controlled;. 

whereby, the surf ace i:^ heated by the flow of' 
10. . current between .li^iividual electrode t^ndjials which 

contact th** .giiyi^aee and the common electrode*. 

35. A method as in claim 34, wherein the 
common electrode is cont^Pted. as part of . a guidewire. 



.36* A ..method.. «^s in, claljm; .3,7,,.. 
catheter is positioned: -over .th?- guidewi^-e, . 



- .y;^:^ vv^37..,^,.Ar.mcttqA wherein .the . 

2Q . COTTOii electa;^ 

38. A method as in cl^t^m 34^ wherein the 
common electrode is disposed within the body lumen to 
form a conductive path through a fluid within the body 

25 lumen. 

39. A method as in claim 34, herein the high 
frequency voltage is in the range from 50 JtHz to 2 MHz 
and the voltage is in the range from two volts to 100 

30 volts. 



35 



40. A method as in claim. 34, further 
comprising measuring te]q>erature at an interface between 
the electrode array and the surface region. 
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41!: A i^thod ajs in claii 40, furtlier 
co^rising controlling the applied voltage based on the 
sea'surj^i inted^ice ten^>erature. . 

5 42. A method as iii claim '14, wherein the body 

Im^ cb^iris^ a blobd vessel and i:he Surf ace is an 
occluded regi6zi cxniprising s1:^otic material. 

iiiV A mettiiod as in claim 42r further 
10 coa^risiji^ advanciin^ the*icatheter throng t^S dccluded > 

regiiSn ttf' fori aii * ertiarged i6£i«riing ±A the sliettotic 
material. 

44. A method dis in claim 43 1 further 
15 comprising advancing an interventional element into the 

eniaLfged opeiiihg and treating the occlusion with the 
intervesitibhai elraent. ' 



45. A tffethod ais iii claim 44^ wherein the: 
20 ' ^ ' livtf^v^htiii^ ^rileii^irti: iJ^ an esqpahdabl4 bailboh and 
treating con^rises expanding the balloon within the 
imlarged opehiiig. 
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